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WIRE HARNESS AND METHOD OF
MANUFACTURING THE SAMEL

TECHNICAL FIELD

The present invention relates to a wire harness to be wired

on an automobile and a method of manufacturing the wire
harness.

BACKGROUND ART

An automobile 1s mounted with various electronic devices.
Thus, a wire harness 1s wired 1n the automobile for transmait-
ting desired power and signal to these electronic devices
(refer to Patent Literature 1, for example). The wire harness
shown for example in Patent Literature 1 includes a plurality
of electric wires, a connector attached to a terminal of the
clectric wire and arranged to be fitted to the electronic device,
and a harness tube arranged to receive the electric wire to
protect the electric wire.

The wire harness of this type 1s wired 1n the automobile
along a vehicle body frame of the automobile, thus 1s formed
into a desired three-dimensional shape by bending an appro-
priate section of the wire harness 1n a desired direction along,
a surface of the vehicle body panel.

On the other hand, the wire harness described above 1s
assembled by suitably attaching a sub-harness, the above-
described connector and the harness tube on a flat plate with
a wire. Thus, the wire harness described above 1s obtained by
bending the wire harness at the above-mentioned appropriate
section 1n two-dimension, 1.e. on a predetermined plane.

CITATION LIST
Patent Literature

Patent Literature 1: Japan Patent Application Publication
No. H11-203945

SUMMARY OF INVENTION

Technical Problem

The conventional wire harness such as the one shown 1n the
above-mentioned Patent Literature 1 1s bent at the above-
mentioned appropriate section on a predetermine plane.
Thus, the direction of bending of this appropriate section 1s
different from the direction of bending of the approprate
section when actually wired 1n the automobile. For this rea-
son, for the conventional wire harness, the above-described
clectric wire 1s arranged slightly longer than the minimum-
required desired length, and the electric wire 1s bent again
when being actually wired 1n the automobile so that the con-
nector can be fitted reliably to the desired electronic device.
Furthermore, since the direction of bending of the appropriate
section of the wire harness 1s different from the direction of
bending of the appropriate section when actually wired in the
automobile, the conventional wire harness requires many wir-
ing clips when fixing the wire harness on the vehicle body
panel of the automobile and requires many protectors for
positioning the electric wire along a wiring path, causing an
increase in number of components.

Theretfore, an object of the present invention 1s to provide a
wire harness and a method of manufacturing the wire harness
which can prevent an increase in number of components and
which can avoid making an electric wire longer than neces-

sary.
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Solution to Problem

In order to solve the problem and achieve the object, the
present invention provides, 1n a first aspect, a wire harness
including at least one electric wire; and a tubular protection
member made of synthetic resin and arranged to recerve the at
least one electric wire to protect the electric wire, the protec-
tion member being arranged to be bent at an approprate
section when wired on an automobile, wherein the protection
member has an outer surface including circumierentially-
extending recessed grooves and circumierentially-extending
protrusions which are arranged alternately along a longitudi-
nal direction of the protection member so as to form the outer
surface of the protection member into a concertina shape,
wherein the electric wire 1s received 1n the protection member
in a linear state, and the adjacent protrusions of the appropri-
ate section of the protection member 1n the linear state on an
inward side with respect to a direction 1n which the appropri-
ate section 1s bent when wired in the automobile are attached
to each other, by which the appropriate section of the protec-
tion member 1s bent 1n said direction 1 a non-restorable
fashion.

The present invention provides, 1n a second aspect, the wire
harness described in the first aspect wherein the adjacent
protrusions of the appropriate section are welded together, by
which the protection member 1s bent 1n said direction in a
non-restorable fashion.

The present invention provides, 1n a third aspect, the wire
harness described 1n the first aspect wherein the adjacent
protrusions of the appropriate section are adhered to each
other using an adhesive, by which the protection member 1s
bent 1n said direction 1n a non-restorable fashion.

The present invention provides, 1n a forth aspect, a method
for manufacturing a wire harness, the wire harness having at
least one electric wire and a tubular protection member made
of synthetic resin and arranged to recerve the at least one
clectric wire to protect the electric wire, wherein the protec-
tion member 1s arranged to be bent at an appropriate section
when wired on an automobile, and wherein the protection
member has an outer surface including circumierentially-
extending recessed grooves and circumierentially-extending
protrusions which are arranged alternately along a longitudi-
nal direction of the protection member so as to form the outer
surface of the protection member 1nto a concertina shape, the
method including steps of: recerving the electric wire 1n the
protection member 1n a linear state; and attaching the adjacent
protrusions of the appropriate section of the protection mem-
ber in the linear state on an inward side with respect to a
direction 1n which the appropriate section 1s bent when wired
in the automobile to each other, thereby bending the appro-
priate section of the protection member 1n said direction 1n a
non-restorable fashion.

The present invention provides, i a fifth aspect, the
method described in the forth aspect, wherein the step of
attaching the adjacent protrusions includes welding the adja-
cent protrusions on the appropriate section, thereby bending
the protection member 1n said direction in a non-restorable
fashion.

The present invention provides, in a sixth aspect, the
method described 1n the forth aspect, wherein the step of
attachuing together the protrusions includes adhering the adja-
cent protrusions on the appropriate section using an adhesive,
thereby bending the protection member in said direction 1n a
non-restorable fashion.

According to the wire harness of the present ivention
described 1n the first aspect of the present invention, the
appropriate section of the protection member, which 1is
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arranged to be bent when wired 1n the automobile, 1s bent 1n
a non-restorable fashion in a direction 1n which the appropri-

ate section 1s bent when wired 1n the automobile. Thus, there
1s almost no need to perform another bending when wiring the
wire harness 1n the automobile.

Furthermore, since the adjacent protrusions of the appro-
priate section on the inward side with respect to said direction
are attached to each other, the appropriate section of the
protection member can reliably be bent 1n said direction 1n a
reliable manner.

According to the wire harness of the present invention
described 1n the second aspect of the present invention, since
the adjacent protrusions of the appropriate section of the
protection member on the mward side with respect to said
direction are welded together, the appropriate section of the
protection member can reliably be bent 1n said direction 1n a
non-restorable fashion.

According to the wire harness of the present mvention
described 1n the third aspect o the present invention, since the
adjacent protrusions of the appropriate section of the protec-
tion member on the inward side with respect to said direction
are adhered to each other using the adhesive, the appropriate
section of the protection member can reliably be bent 1n said
direction 1n a non-restorable fashion.

According to the method for manufacturing the wire har-
ness of the present invention described 1n the forth aspect of
the present invention, the approprate section of the protection
member which 1s bent when wired 1in the automobile 1s bent in
a non-restorable fashion 1n the direction in which the appro-
priate section 1s bent when wired in the automobile. Thus,
there 1s almost no need to perform another bending when
wiring the wire harness 1n the automobile.

Furthermore, since the adjacent protrusions of the appro-
priate section of the protection member on the inward side
with respect to said direction are attached to each other, the
appropriate section of the protection member can reliably be
bent 1n said direction 1n a non-restorable fashion.

According to the method of the present invention described
in the fifth aspect of the present invention, since the adjacent
protrusions of the appropriate section of the protection mem-
ber on the mward side with respect to said direction are
welded together, the appropriate section of the protection
member can reliably be bent 1n said direction 1n a non-restor-
able fashion.

According to the method of the present invention described
in the sixth aspect of the present invention, since the adjacent
protrusions of the appropriate section of the protection mem-
ber on the mward side with respect to said direction are
adhered to each other using the adhesive, the appropriate
section of the protection member can reliably be bent 1n said
direction 1n a non-restorable fashion.

Advantageous Effects of Invention

As explained above, according to the first and forth aspects
of the present invention, there 1s almost no need to perform
another bending when wiring the wire harness 1n the automo-
bile. Thus, the number of wiring clips and protectors can be
reduced, thereby preventing an increase 1 number of com-
ponents. Furthermore, since there 1s almost no need to per-
form another bending when wiring the wire harness 1n the
automobile, there 1s no need to form the electric wire longer
than necessary.

Furthermore, since the appropriate section of the protec-
tion member can reliably be bent in said direction 1n a non-
restorable fashion by attaching the adjacent protrusions to
cach other, there 1s no need to form the electric wire longer
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than necessary, and an increase 1n number of components can
be prevented in a reliable manner.

According to the second and {fifth aspects of the present
invention, since the appropriate section of the protection
member can reliably be bent 1n said direction 1n a non-restor-
able fashion by welding the adjacent protrusions to each
other, there 1s no need to form the electric wire longer than
necessary, and an increase in number of components can be
prevented in a reliable manner.

According to the third and sixth aspect of the present inven-
tion, since the appropriate section of the protection member
can reliably be bent 1n said direction in a non-restorable
tashion by adhering the adjacent protrusions to each other,
there 1s no need to form the electric wire longer than neces-
sary, and an increase 1 number of components can be pre-
vented 1n a reliable manner.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an illustration showing a structure of an automo-
bile having a wire harness according to a first embodiment of
the present invention.

FIG. 2 1s a perspective view of the wire harness shown 1n
FIG. 1.

FIG. 3 1s a perspective view showing an electric wire and a
corrugated tube 1n a linear state of the wire harness shown 1n
FIG. 1.

FIG. 4 1s a perspective view of the corrugated tube 1n which
the electric wire 1s received.

FIG. 5 1s a perspective view of the corrugated tube being
bent at an appropriate section of the corrugated tube 1n a
desired direction.

FIG. 6 1s a cross-sectional view taken along a line VI-VI
shown 1n FIG. 4.

FIG. 7 1s a cross-sectional view taken along a line VII-VII
shown 1n FIG. 2.

FIG. 8 1s a perspective view of a wire harness according to
a second embodiment of the present invention.

FIG. 9 1s a cross-sectional view taken along a line IX-IX
shown 1n FIG. 8.

DESCRIPTION OF EMBODIMENTS

In the following, a wire harness and a manufacturing
method of the wire harness according to a first embodiment of
the present invention are explained in reference to FIGS. 1
through 7. A wire harness 10 according to the first embodi-
ment of the present invention 1s arranged to be wired on an
automobile 1 (shown 1n FIG. 1) such as a hybrid vehicle and
an electric vehicle which 1s driven by a driving force of a
motor 3. In the shown example, the automobile 1 1s a hybrid
vehicle.

The automobile 1 1s a vehicle which 1s driven by a drive
force produced by two drive sources, an engine 2 and the
motor 3. The motor 3 1s supplied with power from a battery 5
as an electronic device via an inverter 4 as an electronic
device. In the shown example, the engine 2, the motor 3 and
the inverter 4 are provided to a vehicle inner front side 6 of the
automobile 1, and the battery 3 1s provided to a vehicle inner
rear side 7.

The wire harness 10 according to this embodiment 1s
arranged to electrically-connect the battery 5 and the inverter
4 to each other to supply power from the battery 5 to the
inverter 4 or from the mverter 4 to the battery 5. The wire
harness 10 1s wired on a lower face of a vehicle frame P as a
vehicle panel. When wiring the wire harness 10 on the lower
face of the vehicle frame P, the wire harness 10 1s bent at an
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appropriate section 10qa (there are two appropriate sections 1n
the shown example) in a desired direction (i.e. a direction 1n
which the wire harness 1s bent when wired 1n theomobile 1).

As shown 1n FIG. 1, the wire harness 10 includes at least
one electric wire 11 (there are two electric wires 1n the shown
example), two connectors 12 and a harness tube (herein after
called the corrugated tube) 13 as a tubular protection member.

As shown 1n FIGS. 6, 7 and 9, the electric wire 11 includes
a conductive core wire 16 and an insulating cover portion 17.
The core wire 16 1s formed by twisting a plurality of conduc-
tive element wires. The element wires constituting the core
wire 16 1s made of conductive metal such as copper or copper
alloy. Alternatively, the core wire 16 may be constituted of
one element wire. The cover portion 17 1s made of synthetic
resin such as polyvinyl chloride. The cover portion 17 1s
arranged to cover the core wire 16.

As shown 1n FIG. 3, the connector 12 includes a connector
housing 18 and a terminal clamp 19. The connector housing,
18 1s made of 1nsulating synthetic resin and 1s formed into a
box-like shape. The connector housing 18 is arranged to
receive the terminal clamp 19. Furthermore, the connector
housing 18 includes a lock arm 184 arranged to {it to a con-
nector provided to the battery 5 and the 1inverter 4.

The terminal clamp 19 1s made of conductive metal plate
and 1s attached to an end of the electric wire 11. The terminal
clamp 19 1s electrically-connected to the core wire 16, 1.e. the
clectric wire, and 1s connected to a terminal clamp of the
connector provided to the battery 5 and the inverter 4.

The corrugated tube 13 1s made of thermoplastic resin as an
insulating synthetic resin. The corrugated tube 13 1s formed
into a tubular shape having an elliptical cross section. Fur-
thermore, as shown in FI1G. 6, the corrugated tube 13 includes
a recessed groove 14 extending in a circumierential direction
and a protrusion 15 extending in the circumierential direc-
tion, the recessed grooves 14 and the protrusions 15 being,
arranged alternately along a longitudinal direction so as to
form an outer surface of the corrugated tube 13 1nto a concer-
tina shape. The thickness of the corrugated tube 13 is entirely
formed 1nto a uniform thickness.

For the corrugated tube 13, as shown 1 FIG. 7, the adjacent
protrusions 15 of the appropriate section 10a on an mward
side with respect to said desired direction are welded together
so that the appropriate section 10a 1s bent 1n said desired
direction in a non-restorable fashion. Thus, for the corrugated
tube 13, the adjacent protrusions 13 of the appropriate section
10a on the mmward side with respect to said desired direction
are attached to each other. In this embodiment, the protru-
sions 15 of the appropriate section 10a on the mward side
with respect to said desired direction are heated, melted and
attached to each other, and then cooled and cured and welded
to each other.

The wire harness 10 having the above-described structure
1s assembled as explained below. Firstly, as shown 1n FIG. 3,
the terminal clamps 19 are attached to both ends of the electric
wire 11, and the terminal clamp 19 attached to one end 1s
received 1n the connector housing 18. Then, as shown 1n FIG.
4, the other end of the electric wire 11 1s passed through the
linearly-extending corrugated tube 13, followed by receiving
the terminal clamp 19 attached to the other end in the con-
nector housing 18. By doing so, the electric wires 11 are
received 1n the linear corrugated tube 13.

Next, as shown in FIG. 5, the inward side of the appropriate
section 10a of the corrugated tube 13 with respect to said
desired direction 1s pushed against an outer periphery of a
heated circular-plate-shaped shaping j1g 21 made of metal,
thereby bending the approprate section 1n said desired direc-
tion. Then, the protrusions 15 made of thermoplastic resin and
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located on the appropriate section 10a of the corrugated tube
13 on the inward side with respect to said desired direction are
heated and melted. Thus, the adjacent protrusions 15 are
adhered to each other, thereby bending the appropriate sec-
tion 10a 1n said desired direction. After that, the appropriate
section 10a of a tube body 19 of the corrugated tube 13 1s
moved away from the outer periphery of the shaping jig 21
and cooled and cured.

By doing so, the appropriate section 10q of the tube body
19 of the corrugated tube 13 1s bent 1n said desired direction
in a non-restorable fashion. Thus, the wire harness 10 1s
assembled by receiving the electric wire 11 in the linear
corrugated tube 13, attaching together the adjacent protru-
sions 15 of the appropriate section 10a of the linear corru-
gated tube 13 on the mmward side with respect to said desired
direction, followed by bending the appropriate section 10a 1n
said desired direction 1n a non-restorable fashion. The wire
harness 10 assembled 1n a manner as described above 1s then
wired in the automobile 1 by fitting the connector 12 to the
connectors of the battery 5 and the inverter 4 while attaching

the corrugated tube 13 to the lower face of the vehicle frame
P.

According to this embodiment, the appropriate section 10a
of the corrugated tube 13 which 1s arranged to be bent when
wired 1n the automobile 1 1s bent in a non-restorable fashion
in the direction 1n which the appropriate section 10a 1s bent
when wired 1n the automobile 1. Thus, there 1s almost no need
to perform another bending of the appropriate section 10a
when wiring it in the automobile 1. Consequently, the number
of the wiring clips and the protectors can be reduced, thereby
preventing an increase in number of components. Further-
more, since there 1s almost no need to perform another bend-
ing when wiring the wire harness in the automobile 1, the
clectric wire 11 1s not required to be formed longer than a
necessary length. The necessary length corresponds to a
length of a wiring path for connecting the electronic devices
mounted on the automobile 1 such as the battery 5 and the
inverter 4 to each other.

Furthermore, since the adjacent protrusions 15 of the
appropriate section 10a on the inward side with respect to the
said desired direction are attached to each other, the appro-
priate section 10a of the corrugated tube 13 can reliably be
bent 1n said desired direction 1n a non-restorable fashion.
Thus, the electric wire 11 1s not required to be formed longer
than necessary, and an increase 1n number of components can
be prevented.

Furthermore, since the adjacent protrusions 15 of the
appropriate section 10a of the corrugated tube 13 on the
inward side with respect to said desired direction are welded
together, the appropriate section 10a of the corrugated tube 13
can reliably be bent 1n said desired direction in a non-restor-
able fashion. Thus, the electric wire 11 1s not required to be
formed longer than necessary, and an increase in number of
components can be prevented.

In the embodiment described above, the corrugated tube 13
and the electric wire 11 are not fixed to each other by a wire
harness tape and such wound around outer peripheries of the
corrugated tube 13 and the electric wire 11. Thus, the relative
position of the corrugated tube 13 and the electric wire 11 1s
not restricted. Consequently, when the appropriate section
104 1s bent 1n the above-mentioned desired direction, even 1t
the electric wire 11 has an extra length, this extra length can
be absorbed by appropriately adjusting the bending of the
clectric wire 11 at the appropriate section 10aq.

Next, a wire harness 10 according to a second embodiment
of the present invention 1s explained 1n reference to FIGS. 8
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and 9. In this embodiment, the same components as the first
embodiment are indicated by the same reference signs to omuit
the explanation.

In this embodiment, an appropriate section 10a 1s bent 1n
the above-mentioned desired direction, followed by adhering,
adjacent protrusions 135 of the appropriate section 10a on an
inward side with respect to the above-mentioned desired
direction using a well-known adhesive. In other words, the
appropriate section 10a which 1s bent 1n said desired direction
1s fixed by an adhesive 22. Therefore, in this embodiment, the
adjacent protrusions 15 of the appropriate section 10a on the

L=

inward side with respect to said direction are adhere to each
other using the well-known adhesive, thereby bending the
appropriate section 10a in a non-restorable fashion in said
desired direction. The adhesive 22 may include various adhe-
stves such as thermoplastic or thermoset synthetic resin, a
reactive adhesive, a quick-drying glue and a hot-melt adhe-
SIVE.

In addition to the advantageous efiects of the first embodi-
ment described above, 1n this embodiment, since the adjacent
protrusions 15 of the appropriate section 10a of the corru-
gated tube 13 on the inward side with respect to said direction
are adhered to each other by the adhesive 22, the appropniate
section of the protection member can reliably be bent 1n said
desired direction 1n a non-restorable fashion. Thus, there 1s no
need to form the electric wire 11 longer than necessary, and an
increase in number of components can be prevented.

In the embodiments described above, the corrugated tube
13 and the electric wire 11 are not fixed to each other by the
wire haress tape and such wound around the outer periph-
eries of the corrugated tube 13 and the electric wire 11.
However, 1n the present invention, the wire harness tape may
be wound around the outer peripheries of the corrugated tube
13 and the electric wire 11 to {ix them to each other. Further-
more, although the corrugated tube 13 of the above-described
embodiments 1s not provided with a slit extending along the
longitudinal direction, in the present invention, the corru-
gated tube 13 may be provided with the slit extending along
the longitudinal direction, so that the electric wire 11 may be
received 1n the corrugated tube 13 by opening the slit and
clastically deforming the corrugated tube 13. Moreover, 1n
the present invention, the wire harness 10 may connect the
clectronic devices other than the battery 5 and the 1inverter 4,
1.¢. the wire harness 10 may be used for transmitting a signal.
Moreover, the wire harness 10 may include more than two
clectric wires 11.

Furthermore, the above-described embodiments are only

representative embodiments of the present invention, and the
present mnvention 1s not limited to these embodiments. That 1s,
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the embodiments can be modified and performed in various
ways without departing from the scope of the present inven-
tion.

REFERENCE SIGNS LIST

1 automobile

10 wire harness

10a appropriate section

11 electric wire

13 harness tube, corrugated tube (protection member)
14 recessed groove

15 protrusion
22 adhesive

The mnvention claimed 1s:

1. A method for manufacturing a wire harness, the wire
harness having at least one electric wire and a tubular protec-
tion member made of synthetic resin and arranged to receive
the at least one electric wire to protect the electric wire,
wherein the protection member 1s arranged to be bent at an
appropriate section when wired on an automobile, and
wherein the protection member has an outer surface including
circumierentially-extending recessed grooves and circumfier-
entially-extending protrusions which are arranged alternately
along a longitudinal direction of the protection member so as
to form the outer surface of the protection member into a
concertina shape,

the method comprising steps of:

receving the electric wire 1n the protection member 1n a

linear state;

attaching the adjacent protrusions of the appropriate sec-

tion of the protection member 1n the linear state on an
inward side with respect to a direction 1n which the
appropriate section 1s bent when wired 1n the automobile
to each other; and

pushing only the inward side of the appropriate section

against an outer periphery of a heated circular-plate-
shaped shaping j1g, thereby bending the approprate sec-
tion of the protection member 1 said direction in a
non-restorable fashion.

2. The method according to claim 1, wherein the step of
attaching the adjacent protrusions includes welding the adja-
cent protrusions on the appropriate section, thereby bending
the protection member 1n said direction 1n a non-restorable
fashion.

3. The method according to claim 1, wherein the step of
attaching together the protrusions includes adhering the adja-
cent protrusions on the appropriate section using an adhesive,
thereby bending the protection member in said direction 1n a
non-restorable fashion.
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